Introduction
As stated in our previous paper (Kikkawa and Abe 1960) , it has been found that the a-amylase function in D. melanogaster is controlled by a semi-dominant gene located near 80 on the right arm of the second chromosome. This paper deals with further studies on this problem.
Materials and Methods
(a) Measurement of Amylase activity : To simplify the B-1 and B-2 methods described in our previous paper, the following procedure was adopted. Fifty females and fifty males of about 2-3 days after emergence were weighed and homogenized with 20 ml phosphate buffer solution (pH 6.8). The homogenate was centrifuged at 3000 rpm for 10 minutes, and its supernatant was filtered with an absorbent cotton to remove fragments of wings and other floating debris. This solution was used as an enzyme source. To 2 ml of the enzyme solution were added 2 ml of 0.1% soluble starch solution, and the mixture was incubated at 25°C for a certain period (generally 30 minutes). Then 2 ml of 0.4 M trichloroacetic acid solution were added to the mixture, and the solution was filtered after 2 hours. 0.6 ml of 1/500 M iodine potassium iodide solution was added to 4 ml of the filtered solution and the total volume was adjusted to 15 ml by adding distilled water.
The blue color thus produced was measured by Hitachi photoelectric colorimeter with the filter of 660 mµ. By comparing the experimental results with the control ones, the amount of starch decomposed by the enzyme was represented by mg scale. Since the original solution contained 2 mg of starch, we can calculate how much starch was decomposed by 10 individuals during a certain period (generally 30 minutes).
(b) Drosophila materials : In our previous paper, a wild type strain, Hikone-AS, was used as a strong amylase one. In the present research, however, a multi-mutant strain in which the Amy gene (strong amylase) was inserted by means of double crossing over was employed. The procedures of obtaining such a multi-mutant strain are as follows : The Hikone-AS strain was mated to the cn L2 bw strain with a weak amylase activity, and the F1 female was mated to the cn bw male with a weak amylase activity. The majority of the cn bw individuals obtained in the offspring would have the genotype of cn Amy bw/cn + bw, because the Amy gene was assumed to be located near the Lobe2 gene. A few number of such cn bw males were mated to the Cy/Pm females and only Curly males were selected in the Fl generation. They would have the constitution of either Cy/cn Amy bw or Cy/cn + bw. Therefore, each Cy male was mated again to the virgin Cy/Pm female. Each vial was expected to have the offspring of either Cy/cn Amy bw or Cy/cn + bw, in case where only Cy flies were taken into consideration. Then the sib mating was carried out for each vial, and the cn bw flies were selected from the F2 generation. They were fixed as test strains repsectively.
Among ten such cn bw strains, four had strong amylase activities and the remaining six had weak ones. In subsequent studies, No. 8 strain which showed the highest activity of amylase and No. 9 strain which showed the lowest one were used as materials. Other proper strains were also utilized according to circumstances.
Experimental results
By using No. 8 strong and No. 9 weak strains, amylase activities of the parent types and of the hybrids between the two strains were examined. Except where otherwise indicated, the number and weight of flies were equalized to one another to standardize the experimental condition, in any series of experiments. In Figure 1 is shown the result. As seen in this Figure, the hybrids showed nearly intermediate values in amylase activity as compared with the parent strains. In other words, the genes responsible for amylase activity seem to act independently with each other in the diploid cell of the hybrid. Similar phenomena have been found in various cases such as atropinesterase in rabbits (Sawin and Glick 1943) , xanthine dehydrogenase in Drosophila (Hubby and Forrest 1960, Morita 1960) , phenylalanine hydroxylase (Knox and Messinger 1958) , p-gal-uridyl transferase (Bretthaver et al 1959) and catarase (Nishimura et al 1959) in human-beings, and also DDT-dehydrochlorinase in house-flies (Lovell and Kearns 1959) . But, in these cases, the mutant has no enzyme activity, so that it is difficult to know whether the mutant produces no enzyme protein or a modified protein.
Based on this experimental result, thirty minutes were used as the standard period of incubation in subsequent experiments.
To confirm the assumption that the Amy gene is to be located on the second chromosome, No. 8 cn Amy bw strain was mated to the Oregon-AW wild type strain which was weak in amylase activity (Kikkawa and Abe 1960) . The F1 males were crossed to the cn + bw females, and the amylase activities in the cn bw and wild type flies in the offspring were compared with each other. The results are presented in Table 1 .
The fact that the cn bw flies were stronger in amylase activity than the wild type flies indicates clearly that the Amy gene must be located on the second chromosome. To determine the locus of the Amy gene, the reciprocal cross, i.e., cn Amy bw/ + + + -X cn + bw a was carried out. In Table 2 are shown the results.
By applying the data of Table 2 to the formulas 5 given in our previous paper (Kikkawa and Abe 1960) , the locus of the Amy gene was calculated to be located at 77.1. This value is well accordant with that given in our previous paper, i. e., 80±.
Since the Lobe2 gene was assumed to be located near the Amy gene, the following experiment was performed to confirm the above relation more thoroughly. The males having the constitution of cn f Amy bw/ + L2 + + were mated to the cn + + bw females, Table 4 .
In this experiment, as it was difficult to get a large number of flies of the constitution cn L2 bw and wild type which were derived from double crossing over, the estimations of these classes were omitted. Furthermore, as it was also difficult to distinguish the L2 bw flies from the L2 ones, the values of these classes were unreliable. Nevertheless, the fact that all classes having the L2 gene are weaker in amylase activity than non-Lobe2 classes, indicates clearly that the Amy gene is very close to the L2 gene.
In the course of these experiments, it was expected that even one individual might be used as an enzyme source, so that various attempts were carried out, and at last the following procedure was established.
Only females with similar body sizes were used individually. Each female was put in a precipitation tube with a pointed end, and homogenized with 0.2 ml of phosphate buffer solution (pH 6.8) by a glass rod. Then 0.2m1 of 0.1 % soluble starch solution was added, and the solution was allowed to stand for about 40 minutes at 25°C. 0.2 ml of 0.4 M trichloroacetic acid solution and 0.2 ml of 1/1000 M iodine potassium iodide solution were added to the test solution in the order described above. The color produced in the solution was examined with visual observation. In this method, it is important to chose a proper time when only the color of the solution with a strong amylase activity disappears. In case where homozygous Amy females were compared with homozygous Amy+ ones, the distinction between them was not so difficult, while when the heterozygous female, Amy/ +, was compared with either the homozygous Amy or the Amy+, the distinction was rather critical.
In spite of such a difficulty, this method gives satisfactory results as shown in Tables 5 and 6. As seen in Table 6 , the majority of non-crossover females between cn and bw showed expected activities respectively with a few exceptions which might be due to either the experimental error or the double crossing over between cn-Amy and Amybw regions. The locus of the Amy gene will easily be computed from the data of either the cn or the bw phenotypic class, i.e., 84.1 (81.8-86.5) in the cn class, and 81. 8 (80.2-83.3) in the bw class.
To confirm this relation, a similar experiment was carried out by using some crossover classes of different phenotypes which were obtained from the mating of cn -f Amy bw/ + L2 + + . X cn + + bw a . In this experiment, as it has been mentioned before that the L2 bw female was difficult to distinguish from the L2 one, only the individuals having rather large eyes which make the distinction possible, were used as samples. In Table 7 is presented the result. On one hand, females of strong and weak amylase activities would be found in the cn and the L2 bw classes respectively. Except a single doubtful case in the cn L2 class, the experimental results were in good agreement with this expectation. The outcome indicates that the Amy gene may be located on the right of the L2 gene.
Conclusion and Summary
By means of double crossing over, the Amy gene which controls the a-amylase activity in D. melanogastey was inserted into the second chromosome having the cinnabar, brown and a weak allele of the Amy gene.
By using such a strain, it was ascertained that the Amy gene was located near the Lobe2 gene, i.e., 80± on the right arm of the second chromosome, as reported in our previous paper (Kikkawa and Abe 1960) .
It was found that even a single individual could be used as the enzyme material. The experimental results using such a single fly indicated also that the Amy gene was located near the Lobe2 gene, probably on the right of it.
